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(54) Uettiod for connecting a recording Itead, correction apparatus therefor^ naooitOng liead 
coimlod by use of suob appdrptus^ ^nd reeonSng apparatus using such recording head 



(57) A niettiod Ibr cbrr^ctlng a recorctfno Heiad is 
provided to eotve th9 problems of density urtevemese In 
recorded imaoe^ The denetty comparteon is made with 
the reference der^ty for a predetermined unit In ^e 
density distrltxition of an Ipnage recorded by the appfica- 
tk>n of n Kinds ol signals. Then. oneofthenHndeof tsig- 
nals'v^h iSidose io ihe reference density ie selected 
The properties of the signal thus selected ere tmnernt- 
ted to the reoofding heed together with ^e con'ectton 
data* .hence .correcting density unovenness. 
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1 EPOS 

Description 

BACKQROUND OF THE INVENTION 
Fiokl of fh6 Invention 

[0001] The proBent invention retatss to a method for 
coire^lng a recoiicnng heed, and a recording heed coT' 
rected by liee of the correction apparatus^ and also 
relates to a recpon^ eppamtua ueing such recordfno 
head. More partio&ilarty. the irwention relates to a oo^ 
rectkig method of the recording hmd, for correoHrtg 
driving for a specific nuntier of recording elemente^ tlor 
^Dtample. lha invention also relates to an apparatue 
therelbr, and a recording tteed oorrected tv uee of such 
apparatuGk and a recordirig apparatus usbig auch head 
aswefl. 

Related Background Art 

(O00S9 A printing apparaHis, or the printer uiit pro- 
vided for a copying machmOi a laceimile ectu^ent or 
the \\k» etructured to record images each formed 1^ 
dot patterns on a reoordng medium euch as a paper 
Bheet a thin F^io pfate or a dolh. in accordance with 
image Normallon. 

[00033 Of such priming apparatuses, a pariioular 
attention is given to a printing ^jparatus that mounts 
hereon a reooi^cfing heed of ink jet type, thennat type, 
LEI^ t^e or the Ui(e ea a kjw-coet apparatus. Such 
apparatua ie usually struct ved wHh a pluraiHy of prlnt&f^ 
etementa arranged on a eui9Strate« corresporxSno to a 
murber of dote to l7e printed 
[0004] in a recording head having the printing ele^ 
ments (Teoordind elements) arranged corresponding to 
a pMing widtfi. since the printing efements are consti- 
tuted in the same proceseee as diose of the eanmcon- 
ducior manufacture, there has t>een a tendency in 
recent yeare that the convention^ mode In iMhieh the 
driving Integrated circuit is produced as a separate 
device is being devstoped into a mode in v^^ich the driv- 
ing circuit is incorporated as one structure on the eame 
substrate having printing elements arranged thereon. 
As a result a struohire of the drcurt for drivlr^ the 
recording head is prevented from iaeing oomplfcated, 
and the printing apparatus is made smaller accorcSngly* 
thus attain^ the signHioent reduelton of manu<)»cture 
costs. 

(POOS] Rsrtioularly, the inic jet recording method Is of 
the type ttiat thermal energy is applied to Ink to gener- 
ate bubbles and discharge the ink by pressure of the 
bubbiesr it hae an excellent respons^ty to 
recording signals. This method also has an advantage 
that the cfischarge ports can be ananged in higher den* 
sity^ As compared with other recording methods, tfiere- 
fore, the ink |et recoiding method is remarkable very 
much. 

[0006] In a case where a recording head is manufao- 
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hjred l>y utilizing the semiconductor nDanulacturing lech- 
nlques, it is extremely difficuH to produce aH the printing 
efements without defects particularly in arrangement of 
a number of printing eiem^rtts aO over the surtace of a 

s substrate kt order to cover a roooniling wkith. As a 
resuHp the production yield of recording heads is poor in 
the manufacture proceeses, licnce making the costs 
higher tnevitstaly. In some case, then, the manufacture 
oi the head canoot be realieed from ihe viewpoint of the 

w manufacturing costs. 

1)0007] In this reepect. therefore, there has been pro- 
posed a method for obtaining an elongated recording 
head that meets a requirod recording width by providing 
a plufBlity of recording hestds whose production yield is 

19 higher, such as tiiaee provided vrith the printing ele- 
ments each having a comparatively snfwUIer number of 
inkdischafgeportsof 32, 48, 64. or 128 to be arranged 
in high precision on a substrate (or lop and tjottom 
thereof in accordance wKh the density of armngement 

^ of the printing elements as needed. A method of the 
kSfKl is disclosed, idr exanpie. In Japanese Patent 
Application Lald-Open r^os. S6-132253. fi-2009. A- 
229278. 4^232749. 5-24192. and the speciflcati^ of 
• iXS, Falent Na $iOl6«02d. and among some others. 

9$ 10008] In recent years, it has become easier to manu- 
tadi^ a ftili-llne recording head by arranging me print- 
ing devices, each having coitiparadveiy smalt numbers 
of lrd( discharge ports, such as 64 or 128. on a si^ 
strafe, and then« altgning/adhering such sdostrate 

j0 (hereinafter referred to as a printing con^ponent) 'm plu- 
rai nurribeirs on a base plaite iri good precision, in corre- 
spondence to the recording widtt> as needed. 
[00091 Here, however, aithtouj^ It has become easier 
to manufeujture the hjlHine reoordirig heads in thta man- 

8S ner. there are stii! prcbtems as hereirftielow. 

JOOIO] ewanriBie. unevertfiesstn tf>e performances 
of printing connponents {sufci&tmtes} thus ananged. une- 
verviess in the perfornmnces of the printing elements In 
the vidnlty of each gap between the printing coflnpo- 

40 nents. and degradation of image quafity caused by dif- 
farenoe in densHy due to heat accumulation or the lil«B 
p^dri\4ng fc^ck for recording. 
(001 1 } Particutarty. In the case of the recording head 
of ink jet recording ^e. the production yield in its man- 

45 ufacture processes tends to be lowered rKst only by Oie 
protriem of the variation between the printing elements 
in the vidnHy of each gap between tt» print^ compo- 
nents as arranged, but alsa the problem of the ink f lukl- 
Ity that may be k)wered by the presence of gaps 

so between the printing oomponoits. Theretore. despite 
^e ht^ pertormance of a recwfing head of the kind the 
fact is ttiat such recording head has not been promoted 
on tiie market, 

{001 2) Aiso» there is means fbr oorrectlr^ the density 
ss unevermess of the recording head, such as a method 
disclosed in Japanese Patent Apf^ication l^idOpen 
Na 6-34558 wherein the density i^e^/enness is cor- 
rected i7y measuring dot diameters. However, there Is 
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still £k room for iiDprovement as to the reproductoiHiy of 
recorded dote. For example, u^en a one-lina recoo^ng 
is executed, fine changes aro nc^teed m the characterte- 
tics of recorded dots In tha rtaxt fine or &6^^mi tans or 
several hundreds oi lines later (which is termed aS ^ 5 
fiuGtuation per recorded dot). Here, since a specaic 
event (dot diam^er) that includes this fluctuation is 
regarded as the data on the density unevenness. It is 
inrposs^e ID obtain a satisfying resUt with tne execu- 
tion of only one time of correctton. In order to otHain a 10 
desired Image, there <e a need tor obtaining the data on 
recofded dots several times for such correction. Further, 
when electric energy is to be converted into thermal 
eneiiGfy In accordance wntn such correction data, the 
energy v^ich is laroer than a usual value Is applied to jr^ 
the printing elements fw low density. As a resutt. there 
IS the taiUtfe in r^iat^iiy regaidtng tha durat>ility of the 
recordino heed 

[0013} Further, In the estimatian method using OD val- 
ues, which is one of the conwer4ional methods f(v cor- so 
rec&)9 ctensHy unewerviese, or the method ol obtairting 
the oorrectfon data toy estimating density unevenness 
iKom the variation of data on the dot cfiameters ofc^ned 
in the manufoi^lure proeeseee of the reoofdino head* 
there are the cases wtsere the density unevenrms is £S 
not oorn3ctfld exactly, because there Id not necessartty a 
Qood oonrefallonehip twtween tfie performance d a 
reoofdftiQ head* 

SUMMARY OP THE INVENTION 

lOd 4] The present invention is invented by taking into 
consideration the problems \n the oonventionaJ appara- 
tuGSBAnethods as discussed above. 
tgoiS] H is an object of the invention to provide a 
recoiding head which can be manufactured with a high 
production yield at lower ooeis by the execution of den> 
sity unevenness oon'ectlon reiiab^ without ^ng any 
particular toad to the recoidirtg head, and to provide a 
f^tConSkig apparatus that uses such head as well. 
[001 61 It l6 another ot^ect of the invenfion to provide a 
method for correcting the head described above, and a 
correct epfiarsiijs therefor, 
[001 7) In one aspect of the invention, there Is provided 
a method for correcting a recording head providsd with 
a pluiBlity of recording elements and memory means 
capable ol storing data, comprises the steps of racoixd- 
ing preliminarily reooiding patterns on a recording 
medium by use of the recording hesd in accordance 
with plural kinds of signals appfied thereto; selecting 
one of the li^ura! Hinds of signals, for a predetermined 
unit of said recording elements, from the density distf i- 
butiona of the irriage pattern recorded on the recorcfing 
medium so as to make the density of the recorded 
image equal to the reference denstty or the approidmata 
value thereof; preparirig as the conrection dasa data lor 
setecUng one of the plural kinds of. signals for a prede- 
termined unit Of ihfi recofdbig elements and storing the 



correction data on tt^e memory means of the recording 
head as the initial correction data; arKi selecting either 
one of the initial correction data and the correctic»i data 
output by the conection data controHhg VifiSt for gar>erat' 
ing artntrary correction data for a predetermined unit of 
said recording dements and transmitting data to the 
recordtr^ head in accordartce with the selected data. 
[OCHfi] The above-mentoned recort£ng head is 
ananged to prepare th© correction data stored on the 
memory means as the initial correction data furKJamerv- 
tally lor correcting the der^ unevenness. A recording 
apparatus wtvch mounts the recording head thereto <s 
arranged to comprise a correction data contro^ing mit 
that generates arbitrary correction data, and transmis- 
sion means for selecting one of the cc^ecfion data out- 
put fnxn the con'odion data controlling unit and the 
initial correction date to transmit to the recording head. 
(001 91 J«so. in accordance uvith anc^her aspect of the 
preeem iiYvention, there is provided a method <^iaractw- 
ized by preparing coitection data generating means that 
geno^atee the correction data lor ffie recordirtg ele- 
ments for a prodeterrnned unit with refer»>ce to the 
image data corresponding to one line of the record^g 
elements from the nvth line (m-^looj n) (o the l»>e 
vnmediat^ t>ef6re. and sheeting eppropriately one of 
the correction data output by the correction data contrc^- 
iing unit for gsnemting arbitrary oonrection data and the 
initial correction data. 

[0020] Wi^ the structure described above, the 
present invention makes if possftsle to provide pHnts of 
higher quality without density unevenness, because the 
density unevenness correctk>n data are stored as the 
initial correction data on the memory in the recording 
head and il is poseibte to select one of the inHial correc- 
tion data and the arbitrary correctkwi data wtwch are 
generated with refererx;a to the Image data of the like. 
{0021 1 Also, in accofxianoe wl^ said another a^ect of 
ttw present invention, it is possilisle to ptctAdo prints of 
W^;^ cpjafrty vwthout derelty unevenr^^ by apf^opr^- 
ately selecting one of the inHtal corrector data arid tha 
correction data generated with reference to the image 
data corresponding to one Ihio of tfie recording deWcee 
from the m-th line (m « logg n) to the fine liDmediately 
befbre. 

BRIEF oeSCRlimON OF THE DRAWIN03 
P022] 

Fig, 1 is a view which schematically shows a fuD- 
Ur>e InkJet recor<fing apparatus UAA in accordance 
wrth the typical embodiment of the present inven- 
tkm. 

Rg. 2 is a block diagram which shows ^e controt- 
ling structure fdr the executwn of the recordirtg corv 
trol of an Inkjet recording apparatus. 
Fig. 3 is a block diagram which stiows the structure 
of a recording head conection apparatus in acGord* 



30 



35 



40 



45 



S6 



3 



PAGE 9/74 ' RCVD AT 313012006 9:03:42 PM [Eastern Standard Time] ' SVR:USPTO{FXRF-2/14 ' DNIS:2738300 ' C8ID:17039974517 ' DURATION (nim-ss):31-16 



To: USPTO Pege 1 0 of 74 



2006-03-31 02:03:43 (GMT) 



17039974517 From: BINCHI CHANG 



S Ei>Od25d25A2 ^ 



ance vwith 9s« present drnbocRmeni 
Rq, 4 la b perspodivd vi^ which 6how& the etnJC- 
ture erf the feoordinQ head correctton apparatus. 
Rg. 5 Is a flowchari w^tch ahem the operatioii ol 
the recoixfff^heaci correction appafalu$. ' 
Rg. 6 Is a view which shows the test pattern for 
density correction used for the present embocfi> 
ment 

Rg. 7 is a wew which shows the doid^e pulse widtti 
for each unit for Ifie execution of reoording in io 
accordance wifii the standard pattern. 
Rg. a hs a view whic^ shows the OD values for each 

recerdtng oomponent olTtalnabte from the test pat- 
tern reooided changing the pre<lteat pufae 
widths. 

Fig. 9 is a view wIMi shows the histogram of the 
00 vatuee obfainabto ffrom the recorded standard 
pattern. 

Fig. 10 Is an expfoded perspectiva view which iRus- 
trates the structure of a recording head in aooord- eo 
Aice with the present invanlion. 
Rg. 11 isadetaHed view wttich shows the state of 

aBs^ed heater boands. 

Rgs. 12A, 12a 12c and 12D are views which ilto- 
tmte the eonf Iguratfon of a ceiling f^e. ss 
Rg. IS is a view which shows the fixed state of the 
ceding 1;:^ and heater boands. 
Rg, 14 tea view wMch shows the example of circuit 
structure of the cHvIng circuit Installed on the heater 
board. ^ 
Rg. 18 is a tjioclc diagram which shows a multiple 

nozzle head ^njciured by anranging many numbens 
of heater boards. 

Rg. Id ia a view which shows one example of the 
woralbrm control of the driving current of ttie « 
recording do/ices. 

Rg. 17ieaviewWhl(Ashow6thewav8fomiof the 

driving qurrenl (rf the recording devfoss In aocOfd* 

ance with the preeent embodimem. 

Rg. 18 is a timing Chart of driving when the kiitlai *Q 

and arbi&ary correction data are transferred to the 

recording head In aooordance with tfie preeent 

tttibodiment. 

Fig. 19 is a dming chart of driving when 0^ imudt 
and arbRrary correction data are transforrad to the «ff 
recoicing head in accordance with the present 
emisodimenL 

Rg. 20 is a tinftig chart of driving when reco«ding ts 
p^med in accordance wrfth the correction data 
which are referenced to the image data for the 90 
recording head in accordance with the present 
embodiment 

DETAtt^D DESCRIPTION <^ TH£ PREFERRED 
EMBODIMiiNTS » 

t0023] Hereinafter, with rel^ence to the accompany 
ing drawings, the detaHed deecr^n wtfl be made 



regarding the preferred eiYfoodiments of the present 
invention. 

(The Brief Description of the Apparatus Main Body) 

[0034] Rg. 1 {B a perspective view which shows an 
outer appearance of a principal i^art of a primer Uf\A of 
ink jet recordng type in accordance wHh a typical 
embodiment of the present Invention. As shown in Rg. 
1, the printer of inl^ jet recording type of the present 
Mnbodtment oonrprises a recording liead (futl-mUti-type 
ol recording head) UH arrartged in a direction intersect' 
ing a carrying direction of a recording paper sheet (or a 
oontmuous sheeO P as a reoqrdli^ medium, which is 
provided with priming etemenle thfirt discharge ink over 
the entire width of the recording pe9>er sheet 
100251 Prom<£BGharQeportslNoflherecw€Snghedd 
UH. inic is discharged to the recording paper sheet P at 
a predetermined timing, in accordanoe with the present 
embodiment, the receding sheet P. whictfi is a oontimi>' 
ous fold^e sheets is canied m the direction indicated 
an arrow V$ by a carrier rru^tor of which driving is 
controlled by e control circuit which w9 be described 
later» so as to record an image thereon. Here, in Rg. l« 
a reference numeral S018 designates sheet carrier roil- 
ere: 5019. roHers on the axhaust side which hold the 
oonUnuoue rsooR&ig sheet P in a recording position In 
cooperation wWi the carrier roHers 5018, and canry the 
recording sheet P in the direction indicated t3y the arrow 
V8 In cooperation with the sheet carrier rollers €018 
which are driven by means of a dri\^ motor (not 
Shown). 

[0026] Fig. a is a bfoclc dia<^am wWch shews the 
Stnicbitre ol the control dfciit of the printer of ink jet 
1^. in Fig. 2« a r^rence numeral 1 700 designates an 
Intenace for inputting therettvough recording signals 
irom an outeidd device such as a float computer; 1701. 
a MPU; 1702r a ROM for storing therein a control pro- 
gram fo be executed lay the MPU I70i (which includes 
character forrts if rteadec^; and 1703, a Oi^Al\^ for t^* 
pbrariiy storing various data (the aforesatd recording 
^gnals, recofdkig data to be supplied to the tieadr or the 
iii^e). A reference nianeml 1 704 designates a gate array 
(O. A.) for contioitlrig the supply of recon^ data to the 
recording head tJIH. and for also controHing data trans- 
for between the Interface 1700, the MPU 1701 » and the 
BAM 1763: 1708, a carrier motor for carrying the 
recording sheet (ttie continuous sheet in accordance 
wfth tiie present orDbodimM^: 17D5» a head driver for 
driving the recording i^iead; and 1 706. a motor driver for 
driving ttve carrier nnotor 1 708. 
[0027] Now, an opdratio»i of the control droiit wiit be 
described briefly The recording signals received 
trough the ini^ace 1700 are converted into recording 
data for priming by means of the gate array 1704 and 
the MPU 1701, Tbeo» the motor driver 1706 is drivan, 
and at the same time, the reoorcBng head UH Is driven 
in accordance with the recording data transfetred to the 
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head driver 1705, thus perforn^ng a recording opera- 
{ion. 

{0028J Her«. a reference nimier^ 171 1 dds^natos a 
si^nai line tor monitoring sensors on each substrato (lor 
example, a heat generating devtce ros^nce monrtor 
314, a temperature sensor 315, or the )(Ke shown hi Fig. 
1 4), arxi for tranomitting Wtial corrodion derta to a mem- 
ory 1 3 <which wfll be descrtjed laterO that stores correc- 
tion data on the venation of each of the eubetratoG (a 
heater boards lOOO to be described later) provided In 
the recording head UK Here, a reference nurrwraJ 1712 
dea^Qnates a signal Rne for (»'e-heat pulse signals, latch 
stgnale, heat pulse signate, or the like. The MRU 1701 
tranemte comrol signals to (he recording head IJH 
ttirough the signal line 17i2 $o that as tor each of the 
sulDStrates, unHbrni pixels may be formed In accordance 
with the mitial corredion data f mm $he memory 1 3 In the 
recording head UH. 

{0Q20] Fig. 10 is an exploded perspective view which 
shov¥S the structure of the record ng head UH to which 
the present embedment is apf^icable. m the recording 
head, the recording eten^ent (printing eiem^) Is a dis- 
charge energy generating elemervt a bubt^ jet 
recording mediod each pair of electrodes and a heat 
generating resistor arrartged Ixftween tfie eiectrodee). 
which is used for Ink discharge. 
[0030] tn acctxdance with the method descrit>ed herv- 
under, H becomes pos^ble to obta^ in an extremely 
high production yieid an elongated (fHi-fine) recording 
head, which has b&&\ attempted to be formed wdhout 
any defects ail over the width by using such techniques 
as photoHthograp*i?cal process. Moreover, it becomes 
easier lo nraKO c<^ec^ of the eiongat^d (fulWIne) hiK 
jet recoiding head by boning onto this recording 
head a ceiling plate which is provided with a pfurality of 
Ink disch^e ports formed on one end ^Yere<^ and a 
plurality of grooves fOrnM from said one end to tiie 
other and convnunlcHted ^h these <Sscharge ports 
respectively, so as to cai»e the plurality of grooves to be 
dosed by the subctmte. 

C0031) In accordance with the present emt)odiment« 
ttie desodption will t>e made on an ink jet recording 
head having ^e density of the Ink discharge ports of 
3G0 dpi (70.5 pm), and the nunnbers of the ink discharge 
ports of 3.008 nozzles (recording width ol Z^^ mm). 
[00321 in Fig. tO. ttie substrate (hereinafter referred to 
as a heater boanci) 1000 whk^h serves as the printing 
oonponents »^ provided with 1 2B discharge energy gen^ 
era^ig elements (recording elements) 1010 arrar^ed in 
predetermined positlor» in the dan^ty of 360 dpi. Alsa 
on ttte substrate, there are provided signal pads fbr driv- 
ing the discharge energy generating elements 1010 at 
ariiltnary timing by electric signals recced from the Out- 
side, and power pads 1 0^ that supply «lectnc pcwer to 
drtve Ihe discharge energy generating elements. 
(0033} A plurality of heater boards 1000 are arranged 
on a surtace of a base plate 3000 formed by metattlc or 
ceramics material* and adhestvely (bead to the surtece 



t>y bonding agent. 

{0034] Fig. 1 1 1s a detailed view which shows the state 
of the heater tdcards 1000 arrangement. Eac^ of the 
heater boards 1000 is adhesively fixed to the predeter«> 

s mined podDon on the base plate 300^ by the bonding 
agent 3010 affiled in a predetermine thickness. At 
this juKture, the heater tToatds 1000 are adhesively 
fixed in good pr60lsk>n so that a distance between the 
(fischarge energy gen^ating elements 1010 positioned 

10 at the ends of the respect two heater tx^atds being 
acQacont may be equd to the phdi P {« 70,5 »im) 
between tfie discharge enei gy generating eiem^its on 
the heater board 1000. Also, each gap between ttie 
heat& boards 1000 is se^ed by SeeUani 3020. 

1$ [0035] isKtw; reverting to Fig. 10> a circuit board (PCB) 
4000 is adhesively fixed to the base ptate 3000 In the 
same manner as the heater lx>afds 1000. In this case, 
the c^ci»t board 40oo is adhesively fixiad to the base 
piate 3000 so that the power pads 1020 on the heater 

£0 boards 1 000 are positioned ck>sely to signal power sup- 
ply pads 4010 on the wiring substrate. Also, a connector 
40S0 is provided for the circuit board 4000 in order to 
receive prying signals and driving power from ^ out* 
SKle. 

& (0O36] fslow. a ceiling plate (or cover piate) 2000 vtHji be 
described. 

C0O37] F^ 1 2A to 1 2D are views which illustrate the 
con! iguratior^ of the ceiling piate 2000. Fig. 1 2A is a front 
view whk;h sfK^ws the ceiling plate 2000. Fig. 12B is a 

do top view of the ceiling ptate shown in Rg. 1 2A. Fig. 1 2C 
is a bottom vi^ thereof. Fig. 120 is a cross-^ectionat 
view, taken ator^ line 120-120 in Rg. 12A. 
t0O38] In Figs. 12A to 1 2D. the ceiling plate 2000 con- 
prises flow paths 2020 corresponding to the respective 

as cfischarge energy generating etemente 1010 provkfed 
for the healer boards 1000; orifices (discttarge ports) 
2030 arranged conreeponding to the respective flow 
paths 2020, end communicated whh the flow paths 
2020 tor discharging ink to on recording medium: the 

40 Squid chamber 2010 comnunlcated with the respective 
fk>w paths for sillying ink to the f kwr paths 2020; and 
ink sup^ opening 2040 to allow ifk supplied kom an 
Ink tank (not shown) to flow into the llc^ chamiser 
2010. Naturally, the c^ng pfate 2000 is formed in a 

45 length to eubstamlatly cover arvJ close an may of the 
discharge energy generating elements strvicticred by 
arrangfaig a plurality of heat^ boards 1000 tn fine, 
[0039) Here, agdin, reverting to Fig. 10. me ceiling 
ptate 2000 is bonded to the heater boards 1000 with the 

so extractty coinddeni po^lonal reiatfonsh^ between the 
flow pidf» and the discharge energy generating ele- 
ments (heat generating elements) 1010 on the heater 
boajds 1000 anranged on the t^ase plate 3000. 

In this case, there are various bonding meth- 

S6 ods su(^ as a method to pres9 them together by e 
spring or mctiier rnechanical means^ a method to bond 
them adhesively by use of bonding agent or combina- 
lion of these methods* 
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[D041] By means of any one of the ebovd methods* 
^ ceiKng plato 2000 and the heater boarde 1000 are 
1i>e0d tOQether as shown in Fig. 13. 
0KM2| The cetlinQ plate 2000 described above can be 
manufactured means of 9)6 known method, auch as 
otittkia or oiher mechartical rnachinlng^ molc^ng kMrma" 
1km, kiiec^ moldino, photolHho0raphy. 
[00431 f^V' 14 is a view which ehowva a block diagram 
of a driving circuit provided on the heater board 1000 for 
U66 of a faoording head- Here, a reference numefal 100 
designates a base member: 101 a logk: block for select^ 
ing a pre-heot pbiee: 102, latches for storing data for 
selecting the pre-heat put&e> which has ^e same drcuit 
structure as that of a block Qatchas) 803 thai tamporar- 
iiy atoree Image data: and 103. ar> OR circuit that conn- 
bines the pre4ieat pidse with a boat piise. 
PMM^ Now. the description wiH be madeon an oper> 
a^on ol ttto driving drcuit Ibllawing a driving sequence 
thereof. 

pMMS] At first, a to^ power source 309 is turned on. 
Then, data on each nozzfo (the same data for one or 
four rtozzles) for selecting me pre-heat putse in accord- 
ance wfth previously meawed characieristioG of dis- 
charge amount (the dtecharga amount under pulse 
apf^cation o4 determined temperaturei^» is stored In ttie 
latches 102 using a shHt register 304 for inputting 
image daiasertatly. Here, since the shift rei^star 304 for 
use of image data Input Is also used fo latch the pre- 
heat pulse ejecting tfsta. it is merely repMred that 
some latch drcuits are added and an output of shift reg- 
ister 304 is divided in paraRel as shown by ^e point a In 
Fk^ 1 4. do. it becomes possible to pr«/am an elemeirt 
area from being increaaod wHh the excepUon ot the 
latch circuits, Alsa imn when the number of pre-heat 
pulses becomes larger and thus the nurriber of bte 
reQiflVed for saiecthig pulses becomes greater than that 
of bits of the shift register 304» « beoomea easier to 
oope with such situation by arrane^ng the tatches 1 02 in 
^rai stages and providing pli^ latch clock input ter- 
nnniE^s lOSa to lOSn that dstemr^e lalot^. Further, it 
is required to store data for the pra4ieat pidse select 
described above orily one time when the recording 
apparatus is initiated tor operation, fdr example. Sven H 
this fUnciton \& made a^aabie for use, ttie transfer 
sequence of bnaga data is still exect^e in the aame 
manner as fomierty. fan addHfoa it rnay be poaslbie to 
reduce into 1/4 the required nunfoer of bita tor the seiec- 
tton logic bkick 101 and the tatches 102 for terrporarily 
atortng tt^e selected data, thus making it possfofe to 
setect and supply the pre-heat in units of four nozzles. 
(0046] H<m the desaiptfon wilt be made on the Iriput 
of heat signals as a sequence subsequent to con^le^ 
tion o< the latching of the data as to the (flscharge 
amoum so as to select pre-heat pulse. 
[0047] The substrate descrfoed here is characterized 
In that the heat input t^nai 106 is separately 
amanged from a ptuiafity of preheat Input tennnals 
107a to 107n lor changing tfie discharge amount. At 



first, the value of the heat generating resistflj'ice monHor 
314 is fad back, and men, accoidanca with such 
value, the heating signal with the pulse mdth of appro- 
priate energy for discharging ink is inputted from the 

s recordino apparatus side. Subsequently, from a plurality 
of pre-heat pulse terminals 107a to 107n, the prettiest 
input is made so that each of the pre-heat signals 
changes the pdse width and ^ng dependir^} on the 
value of the temperature sersor 315, and at the same 

10 timo, it may vary the amount of discharge ev«n at a 6pe* 
dfic (or determinad) temperature in advance tn this 
manner, wfth a specific amount of ink discharge, une- 
venr^ess artd streaks can eliminated by executing 
ejection based on factors other than the temperauire, 

%s that is, according to the amoum ot discharge for each of 
the no2£le& Then, one of the plural pre-heat fxitses 
thus inputted is selected in accordance with ^e 
eeleded data latched temporarily in the pre-heat select 
tion logic block Catches) 102 described eartler. Then. 

so the pre-heat pulse thus selected and the AND signal 
between the image data and the heating signat are 
combined In the OR circuit 103 to diive a power trance* 
tor 302. hence ending current to flow through each of 
the heat genemting elements 1010 for dtschar^ng the 

8S ink, 

{004$] Aifio. k% Rg. 14. a reference mimer^ 104 des^ 
ignates an image signal input termlnBl: 105. a dock 
iiW terminal: 307. a latch signal input terminal; 310, a 
grounding i«rnr«nal; 311. a power-source voltage Input 

39 termlnailbrhe9tgeneration;ai2,adataoutpuiterrnina) 
ol the tieat genefating eiemem resistarH^ n«>rafor: and 
313. a data output terffunal of an inner temperature of 
the recording head. 

100491 Here, with ritference to Pig. 15, the description 
as wiR be mode on the structure of a rmiltl'^nDzzIs head 
which la structured tie arrangement of a pturattty ol 
heater boards (^i sidTstrates) 1000. In thte respect, m 
substrates are ari^mged to nutke the total number of 
nazzfes n, and then, the description will be made with 

40 attention given to nozzle 1 and noousle 100 of the sufcH 
stmte 1« and noxxie ISO of the substrate 2, 

[OOSO] As shown in Fig. 16. assuming that the amount 
of cSscharges by the application at a specific (or 
detennlned) temperature with a specific (or oetem^ed) 

48 pulse wkfth are given as 36 pi for the nozzle 1.40p)for 
the nozzle 100. and 40 pi for the nozzle 150. selecting 
rtfttft for the nozzie is set in the latch so that the noezle 
1 may discfiarge the amount of ink larger than that of 
the nozzle 10O and nozzle 1 60, As to the heat pu^e. on 

so the other hand, the dfi^^ made so that tf>e pulse 
wktth appBad to ttra substrate 2 Is larger than that 
appaed to the siibstrate 1, to apply constant power, 
because the heat generatinQ element resistanca value 
of the$LA)atrate 1 1s 200 a and i^tof the substrate 2 Is 

« 210 n as Indtoated by the resistance sensors 1 ad 2 as 
shown in Ptg. 10. F\g, 16 ateo shows the waveforms of 
driving currents when tiie driving is made in the condi- 
tfonsdesafoed al30ve. 
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E0Q51} Here, rt (8 understandaMe ihat Hio pre-heat 
pulse of the nozzle i whose discharge amot^it is 
smaller t& hrg^r than ttma 61 the iKxule 100 and 150 
(tl < 12). >Udo, the neat put^e becomes \4 > t3. H^e. t5 
incticateo the mirtimum power required for causing fSrbp- 
lets to fly by means of ink fbamingp and ther^ are rela- 
tionships of t1 . t2 < t5, and t4 > tS. 
tOOS2] In this way. It becomes possBate to maka the 
ambun! of ink cfiecharges always 40 pi for all the nozztee 
in the sdue) drMno by changing the pra-h«al pulses 
wiffiin a range that eatlsTtea the oondftton of tl < t2 arid 
tl. t2 < t5 against the ten^erature changes of the sub- 
fitraie in the driving operalion. Then* tha high quality 
reooitling is Implennented withotd the creatior> of une- 
venneea and strealce. M the same time* this imf^men- 
tation of recoiding may oontributa to mal^jng the iife of 
the recording head kmger, because the pi^se width is 
acQusted in accordance wHh the redstance value of 
ee^ sil>etrate with respect to the heal pulsee which 
require the larger power ifpiA so as to apply a rea- 
sonably constant power accordingly, 
(0053] The WPU 1701 shown in Rg. 2 prepares sev- 
eral correction tables (not ehowm) on the ROM 1702. 
which are needed for the crea^ of arbitrary correction 
data transferred to the head driver 1 70& of the reoorttfng 
head. Such data are aetected appropriately in acoonj- 
ance with the kinds of image data immediately t>e4bra 
printing or several lines belbra For exan^e, if aP the 
printing image data oonthuously repeat biacfc and white 
data unitormly, that is. represent S0% duty data or 0ie 
lil^. the setecilon Is made frcrti eeveral oon-ection 
tebtoa. if the data represent a?bitrary ctot patterns 
(imag« data or the liKe). the seiecfion Is made from ^ 
ini^ Cbn-QClion data For Ma correction m)^, several 
panenns that issue random nunnbers are prepared to 
m£^ K possible to detect one of the n kind eign^ at 
random. Wm tNa technique, the dertsity unevenness 
that may be noticeable by eye-sight is dlff^^ed for each 
reooRfIng elemerct or in units of several recoiriing ete^ 
ments (ar>d aiso, for each line). In thia manner, the uni- 
form Image tormation is attained. 
[0054) The density unevanndss of an image is created 
by cfifference In the relative density contrasts of (he 
recorded images formed by recording elemwits. There- 
fore, if such contrasts are made smaHer. a density me- 
venness of ^ kind is no longer recogndaable eye- 
sight. Nerap if the rec<:»dlrm elements whi^ are capa- 
Ue of outpufting recorded images wHh the high der^ty. 
are concentrated spatialiy to a certaki extent, it 
bscomes reoognixaUe that the density unevenness 
occur, fvtow. in tenm of d^isity unevenness. tf»e 
relationsh^ between the amourt of ink discharge and 
the density can be expressed exparfmenta^y in the toP 
tawing fornrvla: 

AOD « 0,02 X AVd 

wh«re the ADD is the change In densities^ and the Vd l& 
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the amount of ink discharge. With this tormina, ft is indi- 
cated that the difference of discharge amounts of l to 4 
pi (ptcoiiter) make a change of ai^roximateiy O.Od to 
O.OB in terms of the OD value converabn, for ejcample. 

5 IT^ means thai an actuai image is a set of recorded 
dots each having the factor that may create large varia- 
tions, and particiilarly, if there ts a difference of approxi* 
mately 4 pi in the discharge anwunts between the 
reconjing elements ac^acent to each other, a considem- 

/0 bfy large diff^ence In the corarast may take place 
between them eventually. However, if the recording den^ 
sity is ^aproximately 300 to GOO dp», it is inpossible for 
eyesight to compare the density unavanness of ac^a- 
cent dots per dot ur^t 

ts [0056] The present inventton effeclivaly utilises this 
property of eye-sight wtiich has natwally a llmil in reo- 
Q^lzing the density ur^evenness. When an image is 
formed using the oorrectkm data on the initial density 
urtevennesSi the attention shouki be given to (tte dura- 

20 biiity of the recording head in ration to the designated 
ertergy oorrecticn whi^ Is continuously ap^ied to each 
of the recording elements, and aisa to the changes 
caused as the time elapses regarding density uneven- 
ness of the recordffig head corrected by the ir^iat den- 

£s ^ty imeveruiess corre€:tlon data. Tiien aside from the 
initial dort^ correction data, it is nr\ade possRie to 
cause contrcd means to drive the array of recordng ele- 
mants per iine so that the apptiod energy ^ each of 
them may be diffused appropriately in n stages whoi 

90 the recorxfing data., which carries the comparatively 
same continuous patterns, are transferred to the record- 
ing head. As a resuJt when an image is formed, it 
becomes possSQIe to obtain even densities by suppress- 
ing the Iretial density unevertf)ess ci the recordir^ head, 

^ and then, by Meeting the aforesaki control if the density 
unovanness occurs as tiie time elapses. 
[p056] Fig. ia ts a tkntng chart when the inmal density 
unevenness correction data are trartsfenred to the 
recording head. 

46 {0057} the Initial density unsvenneGS correction data 
may be transferred lo the recording head b^e record- 
ing is started or when recording is \n stendby. Here, in 
accordance with the present invention, h Is anranged 
that tho sNft register that rec^ves image data and the 

45 shift registaf that receives the irntlai density voievennesa 
correction data are used shareal^ty. Consec^entiy. 
when the Image data are transferred to the shift roaister 
in the recorcCng operation, the initial density uneven- 
ness correcQon data cannot be transferred during such 

so period, 

[0O58] Now. If temiinais for applying energise of 4 
stages (PHi to n where n ■ 4) are prepared as shown in 
Fig. 1 8. the setting of the initial density unevenness cor^ 
rection data is completed by oulputttftg the latch signals 
S5 (LAT 1 , 2) one after another in order to select the appti- 
cable energies of four stages per recorcfing etemGr>t. 
hkire, during this period, it is prohibited to ^npiA any one 
of driving piise widths that may be required for record- 
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InQ. The latch signal DUAT cxjiputtdd thereafter Is used 
to print imag^ dftta. The reoonc^ Is «oc«cut«d by apply- 
ing the driving pulse wktth ktpvSlM at the next timing by. 
[0059] It may be posdUe to set the n-«l9ged applica- 
ble energies ai each of the reccvding «>lemertts per lir>e 
by the utatzation of the history of iniagd data, for exam* 
pte, if the recorcfing hearf i$ 5uch that the preeont Invwv 
tion is appi^cable to and that hae the cfrcuit structure ae 
showninFig. u. the Heioriccor^c^ is pos^ewHh ref- 
erence to linea from the fine before (m « iog^ n) 
by anranging the drKring timing as shown In Fig. 
Then, by maWng the weighting of ttio appfoable ener- 
gies of n stages smaller for the driving elements driven 
conttnuously^ it t>ecomes attatn^sle to automatjcaliy 
maka the appUed energy emails on the neact stage *)r 
the recording etament that has Iseen diiven up io the nv 
th line without a complicated control or the provision of 
any refererK» tables. Fig. 20 is a view fvhich shows tha 
example of a case of m » 2. tnai is. a case iMhar e the 
appScabie energies of n » 4 stages can be prepared. 
Fig. 1 8 is a view vvhich shows the method of data trans- 
ier when the initial correction data or artjltrary correction 
data are produced by a ho^ computer. In tfia case ol 
this driving, the correcticn data are held in the latch cir- 
cuit of the recording head as the initial data. 
[OOG<Q ffQ. 19 Is a vfew ^vNch shows tha driving to 
record the Image data per 6ne after compleiton of the 
transfer of the connection data. The recording elements 
ere driven b/ eriher one of PHI to n (in this case, n n 4) 
of 0ie ^ipHce^e eneri^es of nstagsa aefected for each 
predetemiined Mf^. 

(0061] Hera. the MHIIO MHM (the M « the rHini>er of 
heater boaids tOOO wMch (Attained by dividing fha 
mimber of recording elements to cover fte entire width 
by the nunrter of recording elements provided lor the 
heater boaid 1000) have the pulse wid^ wMch is selec- 
tively set fc>y means of the heat generating eiemer^ 
resisfance morvtor 31 4 In consideration of the variation 
for each heater board. They drive tha groM> of the 
recorcfing eSemsnls for each heater board. 
[0062] Here, lor example^ it is assumed that the "AiL 
Hi^* is setected eequentlaliy fbr the frirf iai den^ uta^ 
vannees correction data from the firet 
[0063) in this ease, the temilnals Ibr the n^th ranit 
energy are setected as the initial density unevennasa 
correction data for all the recording dements. (Here, in 
case of "AU. iwT, the temiinate fbr the first ranK energy 
(a selected). 

[0004] Ontheiowe8tiimlngchart8howninfng.10.tiie 
state of 1^ energy to be applied to the first no22te In the 
ftrstblociiisindioated. 

[0065] At this Juncturar the energy is applied tsysEx^ 
cufa'ng logical OR between the driving palae wMth of the 
nriain heat signal MI41 in the f^st block and the energy 
signal PHn of the n^ rank 

[0006] Now, fbr Fig. 2I>» it Is indicated that when the 
densi^ unevennese of the recording head, which has 
tieen corrected In accordance with the Mtial density 



utievennesa correcfion data of l^e recording head» 
changes as the time elapees. the method of correction 
fbr the recording heed» which is provided with the same 
circuit sIructLires, may iae mocSiied fay updating the data 

e held in the latch circuit. It Is possible to attain this drhrfng 
toy sequanttally latching per m tine the latch signals 
which are inputted into the latch 102 tor holding the 
selecting data 101 thai selecis the energy of die n 
Staoos 10 be £4pp6ed to the reoorcfing head. The larger 

w the numt>er of the cfaneufts frequency of each of the 
reooicSng elements between m lines, the smaller Is the 
energy of the n stages to be applied on the nest tine. 
Therefore, tf^ method is eiVective fai improving the head 
dunft>ili^ or reducing the heat accunuitaton factors. 

IS Selection of the mode in which the pr^ng data are 
caused lo be conflated with the appfied energy at this n 
stage, diffijsion of the densi^, or selection of the irdtial 
correction data to executed via interface fay sating in the 
host oonrputer. tt may also be changed t^ updating the 

20 user's print setting. 

E0067] Here, the tmage data j^er fine are defined In 
Rg. 20 as: 



1 -AU High" 



2n that Older, the applccabte er^eigy of the first element 
on the first blodt is Indicated on the assumption that 
9Q linage data before the. data i is defined as "Ail High% 
Image ciate further one before the dale 1 isdafsnedas 
'Aia-LjnRr. 

[0088] in this case, the tatch signal ternvnais lAT 1 
and tAT 2. for setting the con-ection data» perform their 

a9 outputs a&ernately. Thereiore. the fkel driving 

width in Fig. 20 is W«od tv executing logical OR 
behveen the driving pulse wic«h of M main heat ^gnat 
iUHl of the first block and the energy signal PH3 of the 
third rank, Fbr the next tine, eirice the image date on the 

40 tast two tines hove been "ALL 1^", the energy of the n- 
th (n «■ 4) rank is selected and the energy of the first rank 

is selected for the net line. 

[0068] Fig. 3 is a block cfiagram which shows tha 
structure of the recotdthg head correction apparatus 

48 wfiilch performs the correction of initial density uneven- 
nasa of the recofding head of the present embodlmem. 
In Fig. 3. a reference numeral l designates a CPU ttiat 
nranages as the control units of the reoorcSng head cor'< 
redion apparatus; 2« an t/0 knarfaoe of aU the control 

sa units; and 3, an image processing urnt The image 
processing unit 3 converts dot teameters and density 
unevennese Irrto pixet values in accordance with primed 
dot pattern read by ^e CCD camera 4 from a recorc^ 
medium on the paper^feed stage 5. When the image 

s$ processing urix 3 transmits ail the dc« data to the CPU 1 
oon^ponding to all recording ^emeote of the 
recording head UH, the CPU 1 executes Its arithmetic 
process on them, and transfers the density correction 
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* data to a driving st^riai control ur^ 7 In accordance with 
the driving etgnal of tho rdoordino hoad UH. At the eamft 
time« the CPU deveiops thd denelly oonrec^ data on a 
memory control unit & 

[OQfTO] Theirvegedatooontrolunitetrensmiisthddot s 
pattern to the recording h«ad UH ior the axsoutkm of ite 
reoording. Nol only when the usual printing Is per* 
formed, but «l$o, when the density correction data are 
eel^i&hed. tTds control unH transntits the denaOy cor- 
rection driving signais wNle t^ansnittBng syrwhrofTlzed lo 
signals to the drivaig signal control unit 7. The CPU 1 
menagds a v^iage control unit 9 thctf controls the <frfV" 
ing voitages api^ed to the reoorcting , head, and also; 
manages a ctzige/i^^'-feed control unit 11 mat ooiv 
troia the operation of the p^>er-foed etaga 5, hence ts 
coniroifing the setting or an appropriate cHving voltage, 
the nwvement of efage for the apparatua, the feeding of 
the printi^ paper cheet or the like. Further, a head 
data detection mti 10 ie an important port that (beds 
back the properties of each of the eubetnrtes (ixiniing eo 
devices) 1000 (see Fig. to) tor ^tffeciuatiifH) the density 
QOrrectionBt 

{007t] For exarr|)le« as ft>rtf>e recording head UHin 
which a ptumlHy of eubstrates 1000. each provided Mm 
64 or 128 recording elements thereon, are arranged in ss 
aHgnment, It is iirnpo«eble to determine what part of the 
$aicon w^r each of the sti»tratee is cut from^ and tf>e 
eutistiates soy be tfift^ent proper^. 
[0072] Bren m this oase. In order to reogid the entire 
reo^dtng head in uniform densfty. in the Interior of each ^ 
8Ut»tiate ioOO. a ranK detection dtiAfice RH is provkied 
wHh the same sheet resistance as the corresponding 
recording element. Beside this arrangemeni« there may 
fc>e some case where a semiconductor debtee or the bke 
is provUed eo as to monitor the temperature changes 35 

each sutntrate 1000. The head data detection unit 
10 monitois each of theee devices, then, wlien the 
head data detection unit 1 0 tranemits to me GPU 1 the 
data obtained by monitorkig these deviee8» the CPU 1 
creates «ie coireclk)n data that may correct data (6r 40 
drMng each of the substrates 1 000 60 turt each of them 

can record in die unHiorm density, respecfivefy. 
UOaiSli When the aforesaid oorreeilon data are 
reflected on each of the control units of the recorcfing 
head oorrecfion apparatus^ the recoiding operation 4$ 
executed by the reoordbig head UH in the etatue time 
controQed, The recording liead correction apparatus 
again executee tie Image process by use of the CCD 
camera 4 and the image proceBSoig unit 3. and writes 
thefinal correctkm data in the memory 13 (££PAOM or eo 
the nke) at the etege where ttie current printing 
becomes sattstactoray executable k»y the recortftig 
need in aocxxdanoe witti Its predetermined regulations. 
10074] Fig, A and Rg. 5 are perspective views which 
show the structure of the recording head cotrection 
apparatus and a liowchart which shows the operathHi 
thereof, respec^ely. Now. hereunder with reference to 
Fig. 4 and Fig. 5. the operation thereof wi9 be described. 



In accordance with the present embodiment, tho 
descTH^tion will be made on the case { i ) where data on 
the density unevenness are created per four dots, and 
the correction is made per unit of (our dots, and the case 
(2) wiiere data on the density une^enness are created 
per dot, and M correctfon is made per unit of one dot. 

(1) The CorrectkMi Process of 4-Dot Unit 

1007^ iTiereooRfing head UH is mounted on a llx&ig 
base so. Thea tfte CPU 1 enables the fixing base 50 to 
operate to fix the recording head UHontfiefbUngbase 
50 so that the recording head UH may periorrn the 
recording operation in the normal positioa At the same 
time, eiectrio contact Is made with the recording head 
UK arvi an ink supply device 52 ie connected with the 
recording head UN simultaneously ^step S2). 
[0079] Subsecfuentiy, a sheet resistance value of the 
substrate 1000 is monHored (step S4) in oider to meas- 
ure a rank oi the recording heed UH. 
(0077) fn a ease of an elongated (fulHIne) recording 
head ur^ the sheet resistance value is monitored i:>er 
block (for each of the substmtes when the structure is 
artanged by'sffranged a pkn^ity of substrates) so as to 
determine a driving |30wer IndMckM^y to execute test 
pattern recording (step S6). As the pre-process of die 
e>cecu«on of the test pattern, the preliminary receding 
(aging) Is performed until the 0|>eralkm of the recording 
head UH is etat^lzed so that the recording head UH 
can record stqMy- The aging is executed on a tray fbr 
ac^ng use arranged In paraltei with a heat recovery 
pnxwa unit 54. Then, the racovery process (ink suc- 
tion, orifice face cteaning. and ^e like) ts executed to 
carry dut the nOrmaliecorcKngof the test pattanrv When 
the test pattern recording is executed, the result of 
recorded |98tt«m is carried up to the positions of the 
CCD camera 4.8nd the imaoe firooessing is^ 3 to give 
the Image processing thereon and compare eHttt the 
recordling evaluation parameters. 
P07^ Now. ^e spedflc descrtpSon will be made or> 
ttie iiMOduction procedures of the density uno/enness 
data. 

[0079] Ftg. $ is a view whk:h shows one exampie of 
the image pattern to t>e read try the CCD camera or the 
Hke. The examrMe shown in Rg- 6 Is such that a 50% 
duty dot pattern is formed, and the dot pattern corre- 
sponding to the ^ dots ?( 32dots portk>n Is e^located to 
the screen area of the CCD camera, in Fig. o, reference 
marl«s A and B designate the 4 dots x 32 dots region, 
respectively. Then, this Is defined as one event in 
accordance with me present entxjdimem. On the other 
hand, reference mari<5 C and D ^ Fig. 6 desqsnate the 
respect mari^rs which are arranged for the image 
recognition of ihe dot pattern each having 32 dots x 32 

dots 

10080) Here^ given tiie reading irtittatton dots as n. the 
area of one event is formed (at A In Fig. 6) tsy one set o1 
dots up to n 3 in the direction of X'^ls in F^^. 6 (in the 
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arrangement direction o< the printing et^mente). and 32^ 
bit portion In the direction of y dxid (in the canr^o dkec* 
tion of the recording medium}. On the vnage memory 
(not «hawn), o^ht of the eame areas ara prepared, and 
then, the Iwiarizatlon process is executed for each of s 
^ erea$ in accondanca wfth the number of "triack" or 
"wNV pixetd amJ vrith a predetermfned threshold value 
ae weH. In this respect, the optimal vaiue, which hae 
been obtained ajfrariment^y, is adopted for the thresh- 
oM vaiu& With such binartzation procesa. the d&^lty 
unevennasa data are obtained per four dots accordingly, 
[0061] AfSQk H is eltective to define the ^^uta den- 
sity <the sum of bla<^ pixeia) per area as the density 
unevepneed data. 

[0082] further, it is poeaUe to scan tte 50% duty dot 
pattern shown In Pig. 6 by an Image scanner to obtain 
images each having an area conrecponcfing to 100 dots 
per nozzle of a prfntinQ elennent and process the 
tmaoas to use as the density unevenness data 
[0083] In accordance with this method, it is ppssaiiie to 
obtain a mmtber of 9wte more than lOO dots (100 
Hmes of reoofdtnge) per noaade, thus avBraging the fine 
fluctuations of dot diameters In ^e direction y. Usually, 
when the density unevenness Is observed eye^sight, 
th9 fluctuations of the dot diametere are not Often reoog* 
ni^ed in the direction y. However, If ttie nunter of svems 
is smpJIer, the resultant density unerenness is not the 
samethatistiGualtymcooftiz^bytheeye-etoht and 
«ie dfida thus Obtained is no longer adaptable as an 
appropriate data on the d^sity unevenne&s, because 
such data cannot be regaided as meanaiofut es the sta* 
tisticBl data at teasi to the extent that its uneuwness is 
reoo^abto by ^e<«ig^. Now. v^th respect to the 
d^edion x, tf onty the data on the density uiievennesa 
can be obtained per dot unit, N is possible to adopt them 
as the opproprtatB data on the density unevenness only 
wHh a further process of grou^ng seM»ra! of them for 
tho data fCKtnation. Then« ft may be possible to arrange 
an Qottemat device in onler to set the dot unit in which 
such grouping is macto or H may Iwposs^ to average 
the data on the density unevenness per four-dot unit tn 
the direotion x for the preparation of the conection data 
for every four^iot unit as described earto. 
[0084] The density unevennesa data thus obtalrted 
can be processed in a shortar period of time wfthout 
making the sfructure conpUcated inespectlve of a 
recording head manufiftcftiring apparatus or a printing 

apparatus. 

(008S] /Use. the density unevenness data thus 
obtained per fdur dots makes it pos^e to provide the 
same data for every tour nozattes of a recording head. 
[0088] Now. vi^h the data On the density unevenness 
thus obtained, each of me correction procedures te 
determined Ibr ttte next elements in accordance with 
such data* fH>r exampte; ff the driving powa'S for the 
recorcfing elements are det&mlned by the pitee v\^dths. 
the data on the driving pulse widths are selected to pn>- 
vide them fbr the driving integrated ciicuits of the 



recording head Aimough described later m detail, if the 
pulse width control citx^uit of the driving integrated cir- 
cuits make selection from among several pulse widths, 
8ie MAX and MIN of putse widths to be selected are 
determined Ui accddance wilh the density unevsmesB 
data. Than, a pulse width is dat depending on the allow- 
able resolution within a range thus determined. Then, 
the pufse widths are set so as to cmect the recort^ng 
density of each of the elements in accordance v^lh the 
image processing data, tn this manr^er. It fs made possi- 
ble to implement the uniformity of the recording den^ 
ees Of the reconjlng head unit with each of the recordkig 
elements which are prepared to operate accordingly. 
The above processes are repeated until the data are 
ol>tained appropriately. Then, the data thus obtained 
are stored In the memory 13. These processes are exe- 
cuted In ttie step Sd to step 612« 
£0087] Here, in accordance v^tfi the present entedH 
mant. it is p088ft)ie to sign^icantfy rec&iCe the test fre- 
quencies needed for obtaintno the appi^ate data as 
corinpared with the cohvsinticnal art described in con- 
jurwiion with the disclosure mads in tlie specification of 
Ji9«mse Patent Application Ijaid-Open tsia 6^4558. 



[0088] The data on Oieden^ unevenness descrit>ed 
above are created together per four dots in the arrange- 
ment direction of the printing devices so as to produce 
tha density unevenness wii^ is made meartingfi^ from 
this vi0V4)oint ot the visual property of human being. 
However. 9 an apparatus reads recorded Images on a 
recording medium, such as a cotoi tUter. or if an Bppata- 
tus discriminates one Image from another unlike ttie 
recorded images on a recording sheet which is vfsuaOy 
recognized by human being, the density unevenness 
pi» dot may exert a great influence on the image quality 
dlrecSy. 

[00891 In tttis case, it is necessary to correct the den- 
sity unevenness of an image for each dot The descrip- 
tion giv^ below relates to a process for ccxrectmQ tiie 
density uhevermees of an image Ibr each dot by using 
as a correction parameter a pulse M^dth ot tha preheat 
pulse used for double puise width control erf a recording 
head on ^e premise that the structure of the recording 
head is of the type tiiat the jxe-heat pLitee widtti of n 
kir)Cb9 is ssIectaJole for each of the recon^ elements 
arranged to cover one Rne, 

[0090] This process corresponds to the step S4 to the 
step 810 of the fkswcliart shown in Fig. a 
[0091 ] At first, in step $4, the resistance value of each 
of the w^ts (substrates lOOO) of the recording head is 
mor«tored as described earlier, and the energizing 
period of recording current (tfie sum of the preheat 
pidse width aniA the main pulse width), whidi corre* 
spends to each of the resistance values, is calcUated in 
aocpfdance with the f lucbiation in the resistance values 
of the respective M units as arranged. Fundamentally. 
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ihto calculallon is parfbrmeci by me^ns ot the simulation 
69 oach of the recording erismsnts. Sincft the recording 
head Is formed l7y ihe M unite, the mean value of M 
^nergixino periods of recording ctinrerrt. A v^e 
Ol3«wned by muitM^ the mean value thus ot^tained t}y s 
« «inee (0 £ a < 1) becomes ^e pre4ieat pulse width I6r 
Obtaimng reterence OD value which wi» be deacrtoed 
later- Thepre^ieat ptdse width thus obtained le shared 
by eadi of the unHs ftar use. 

10092] Fig. 7 is o view which shows the energlnng io 
period of reoort^ ounrsnt par unit of the reeoRling 
head which reflects the properties of the recording head 
obtained in the manner as described above, the pre- 
heat width shared by each of the units, and the double 
puiae to be appHed to each of them. In thie respect the 75 
value ct fs the OhS obtained axperlmentBlly by means of 
the doUila pulse control of the recording hsad. 
[0093] Then. In step 6. using ft recording head to be 
corrected, the rscord^ig head correction corrected* 
records on a reoofding mediiNn (1) the reference pat- 20 
tern shown In Rg. 7 by the app6r^»)n of double pttee^ 
and 0>) ^o test pattern tor use ol the density oorreotfon, 
WRh the control of the double pulse widih given to the 
recording head, these patterns are recorded plural 
tfmss (n). while changing «ie pre-heat widths^ with g9 
^jproodmatdy 100 dote as a unit In the carrying cftrec- 
tion of i$ie recording medium (direction y) in order to 
sMrage the fine f bictuaitiDn& of each of the noazies of 
the recording head. 

(0Q9A1- In thlareepect the aforesaid alandar^ and test so 
patterns are recorded after the conc^tion of the record^ 
Ing head to be corrected becomes sted)la. 
foods] Then, fn step SS. the ref^ence and test pat- 
terns tfws reooided are road by the CCD camera 4 for 
image processing- After fliat these are oonveried into as 
iheODvaluss, 

I00B6} Fig. d is a view wNch shews the OD values in 
the tbrm of a labto. Iho 00 vaiuaa are obtc^ed after the 
thus recoided test pailenne have been read and proc- 
essed reganSng each of the recordir^ etemen^ and ^ 
they aro dependent upon the applied pre-heat w^ths. 
Rg. 8 represents a case where the recon^ng is exe- 
cuted 10 times (n 10), and the OD values ^e indi- 
cated for each of the recordir^g elements with thei (M's- 
heatwldfhbeinoincreasedby0.i25^isfrt5m0.875MSto ^ 
2.0 MS* From 9Us tables it is understandable that the CD 
values fluctuate per recording elemem w&n when a 
spedfio pre-heat pulsa width Is appHed. 
(0087] In accordance wHh the present emboc^ment, 
the opiimal value is setected per reoorc^g device as a c& 
correcfion parameter In order to eliminate the densfty 
umvenness from the n pre-heat pirtse widtlie. This optl- 
mal value is equal to a certain reference OD value 
(which will be described later) or dose to the reference 
value. For example, given the starKlard OD value as S5 
0.43, the pre4ieat pulse width is selected as the correc- 
tion parameter for each of the recorCBng etoments as 
each of those values marlced with asterisk in Fig. 9. With 



25A2 20 

the correction parameter thus selected, the density is 
corrected, arv^ me OD value of each of the rscoiding 
elements becomes oqual substantially. As a result the 
density unevenness is eliminated. On the lowest step in 
Rg, 8. there are indicated each of the numbers given to 
the correction parameter selected for each of the 
recording elements, 

{POdO] ly/leanwhile. on the basis of the OD values 
obtafried from the recorded reference pattern, its Nsto- 
gram is acquired. Fig. 9 shows one «ample of the his- 
togram of tiie OD values obtained from the referense 
pattern, in accordance with the histogram ctTtatnad by 
means of a statisticai process of the i<ind. the reference 
CD value is aoqwred. In other words» there may be 
selected as the reference OD value one of the OD val- 
ues which correspond to the maximum value, the mini- 
mum vaiua the central value, the value of maximum 
frequency, the nraan value, the dispart value of ^e 
maximum freciuency value, or the like of the histogram. 
Thus, the reterenoe 00 value is selected in accordance 
with the histogram of the OD values cstrtained from the 
recoided reference pattern which has reflected the 
properties Of the recording head. Here, it may be possi- 
ble to add the correction value (<*- p). which has reflected 
the vart^km in the productk>n lots o! recording haacfta. 
to the mean value descrfijed above. In ^her case, the 
staiistksal procesa is given to the. recorded ofcrjeets by 
use of the reference pattern, henoe making one of the 
00 values thus obtained a criterion. Thoi. the value 
defined as this crttarlon always reflects the properties 
(the fluctuations In resistance values of each of the 
uiM) of the recoitfing head wNch is the target of oor- 
rectjon. 

{00991 ^(0- 0 ^bofWs the case where the record* 
ing frequency of the tests pa^em is n « 10- Naturally, 
however, the larger the n value, «he more becomes the 
correction ciro^lt complicated for the recoixiing t^ead. 
Therek^, in order to attain the reduction of the density 
uneveitness and tt>e provision of recordtr>g heads at 
iow«^ cwsts. St is Important to ntinimize the n value. In 
general, fhd densHy urt^venrtess is visually recognized 
when the difference in the OD veUues of ac^cem dots is 
larger. This difference is often the deviation between fhe 
re^^lar distrSxjtlon of the OD vatuea i^milar to the histo- 
gram of each d! the dots obtained from the reference 
pattern, and the OD value whk;h is protuberem among 
them. This the result which has been conflnned 
experimentally or in aocoivtance with the past experi^ 
ericas. 

[01 00 J Theretore, if paramst^ are prepared so as to 
level ^e OD values on the protdberant portion wHh the 
reterence OD value with respect to the histogram of the 
00 values of the reference pattern as shown in Fig. 9. it 
becomes possible to correct the density unevermese 
sufficiently even whan the n value is smaller, sudi as 
approxirnately n » 4, Here, it is of course possible to 
make the derBstty unevenness stJ» sn^er wf\t\ the small 
n value for tfte recording head having the sitialler <Sstrl* 
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bgtkm of the protubemnt potions ki the histogram o4 the 
OD valuofi of the reference pattern, that Is, the head 
who$e density unevennees ie email fundamental 
{0101] As described above, tor the correction of the 
don^ty une^ness of me recoASnd head, by eeittng a 
host computer or by a user'e change of prim eetting. 
there is appropriately selected the initial correcikxi data 
jpreporenA use of the correction apparatus for maldna 
the aforesaid density oon-eclion, ttw subRrary coirection 
data on the density diffusion or the Ui<e effaotuetod by 
the generation of random numbers, or the mode in 
which the energy of n stages applied tor each recording 
eiemem le correlated with the prin&ig data from nvQne 
before Im^loQ^n) to the 6ne immediately betare. 
hence fmplementino the longer Qte dl the recording 
head, wNle attaining the prowsion of images tn higher 
quflffiy, wHhout giving iaiffd load to a i^McHib recording 
element. 

[0102} In this respect, the description has been made 
on the substrates for which the pre-heat pulses are 
eetected. HewMver. the present invention is not neoee- 
eerily limited to such select. For example, it may be 
pos^Ue to perform the density oorrectlon by changing 
fhe mabi pu^e widtfis by use of a counter or the 
[01031 Further, it is of coitfae possilDle to perform the 
density eorrecfion t>y the appfication of the presem 
invention if the substrate is capable of oontroliing the 
drMng power for each of the recordlrtg elements. More- 
over, the invention makes it possftile to perform the den- 
^ cpffeotlon.in. ttie eame way even if the stfuetifl'e of 
the reobtding liead (n diff^ent. 
^04] Here. aleo. the descdpHon has bswi made on 
the control of the recording operation of the recordvtg 
head. wNch Is executabfe by means of a controfier on 
the reoortfin^ eijpafatus ^e in aocordance with ttte 
correction ctetta stored in the memory in the recording 
head. However^ it may be possibto to install such con- 
IroHer in the recording heed. 
(Q105I Furthermore, the desoiption has been made 
by exempfifylng the full-line type prviter ttierelor. This 
inventlbn. however. Is not limited only to the use of tNs 
type of printer. Fbr eswplei the invention Is an^ficabie 
to the structure Ola serial type printer where a nurr^ 
of nozzles are arranged in the carrying ditaction of a 
reooitflng sheet, and recoictfng ie perfomied by movring 
the recording head mounted on a carriage. Moreover, 
the invention is appficabie irrespective of the different 
kinds of recording head (such as inK jet heed, thermal 
head. IBO print head, or the like). 
I01Q6] AlsOkitteofcoursepoasibletoobteinthedame 
effect irrespective of the different methods for eetting 
driving power for the reepectlve recording elements of 
the recording head. 

[0107] Partknilarlyamorig^primeisu&ingtheinKjot 
reoorcSng methods, the preSem bivention has been 
descrfijed with respect to the one wHdi is provided with 
means (electrothermal tfansducino devicesi laser 
beam, or the like) fbr generating thermal energy as the 



energy to t>e utNixed for discharge »ik. because with the 
prirtter <A such type, It Is possible 10 attain the perlwm- 
aiioe of recording in higher density and in higher pred- 
siem as weli. 

s [0108] The basic principfe dtsctosed in US. Patent 
Noa. 4.723,129 and 4,740.796 is preferably used as a 
r^esemaiive oonfiguralion or principle fbr aOnwin^ 
this method. TMs method Is apjidicabie to boUi on« 
demand and oonHnuous types, but is pai ticuiariy effec- 

10 lively used for the on-demand type: in this case, at ieaet 
one drive signal that oorresponds to recorded infonna- 
tion and that increases the temperature rapidly above 
the f^m boiling point is apf^ed to an etectrothermai 
en^gy converter arranoed so ae to cotespond to a 

is sheet or a chann^ in which a liquid <ink) is retained, 
thereby generating thermal energy in the eledrothermai 
energy converter cause film boiling on the heated 
surtaceofttiereoordkig head, 90 that a bubble can be 

generated in the \k\M (ink) so as to corresporH^ to the 
go drive eignal on a one'toHone correspondenca The bub- 
ble is grown or contracted to ej«^ the Squid Qrk) 
through the 4ectk»i opening to form at least one drop- 
let If this &hfe signal is shaped tike a pulse, the bubbie 
ts immsAtely appropriately grown or contracted to 
£v preferably achis^ the partlcuiarly responsive e^on 
of the liquid Qr^. Suitable putse>snaped drive signals 
are described In U& Fatent rtos. 4.463,350 and 
4,943,262. More evcellent recort^ can t>e acconrh 
pEshed using the concStions for the terYV>erature 
90 tnprease late of the heated surface described in U.S. 
Patent hb. 4.313.124. 

(01 00] Tlie reoonling head may be configured by com- 
binNig an ejection port, a channel; and an ^ectrothter- 
mal energy odnvarter <a linear liquid channel or 4 

^ perpendlciiiEU' Hquid ci^nnel) as described In the ^x>ve 
specHteaiions* but this mvention may also b& configured 
as in U.Sw Patertt Nos. 4.568.333 and 4.469.600 
v^erein the heated potlton is located in a bent region. 
Seddes. this invention is also effective when confined 

40 as in Japanese Patent Application taidOpen Na 59- 
123670 cQsctosing the configuration on which a common 
s)it is used as an ejection section tor a pturaUty of eiec' 
trothermal enetgy converter or as In Japanese Patem 
Application UsBdOpen Na 59-136461 in whkii an 

4S Opening absoit^rtg i^e pressure wave ot thermal energy 
corresponds to the ejection section. That ts. vrtTiaicvef 
the form of the recording head is. this invention enables 
recording to be acNevod reSatsly and efficiently 
^10] Moreover, this invention can be effectively 

so applied to a fuH^iine type recording head having a length 
corresponding to the ma)^mum widfli of a storage 
medium on vrftioh the recording apparatus recortla data. 
Such a recording head may be corinposed of a plurattty 
ot recotding heads to meet this lengm or of a single 

ss recording head Uiat la ihtegrelly formed. 

10111 3 Besides^ this invention is effectively cqjpiied to 
fiie serial type such as that descr%>ed atxsve, a record- 
ing head fixed to the apparatus body, a reptaceabla ch^ 
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type that ie inelalled in Hio apparatus body to el^rically 
connect thereto or to receive ink therefrom* or a car- 
tridge type rn which an ir)k tank 19 integrally provided in 
the recoitling head. 

10112] An Section recovery meane for the recording 
head or an extra eupptementary itieane is preferably 
added to the present reoordind apparatus to turther 
bflixe the efie«ts of this invenltoa Spec^cally^ euch 
means mdude a cappng^ cleaning, preeeunzing. or 
eucMng means for the recording head, an extia heating 
mearw iof generating heat usirtg an eieotrofiiermal 
energy oortverter or another healing element or their 
oonitMnation, and an extra eiectfon means for executing 
ejection used for a purpose dHVerent from recording, 
loi 1 3] The reoordng mode of the recording appar^itufi 
m^iy not only be one for main ookirs such as b^acK but 
may also Include the ^rtegral configuration of a sina^a 
reoofding head or a comblnalion of a pluraiay of heads. 
This invention, however. Is vary effsciive on an appara- 
tus including at least one of two recording modes for 
multiple different colors and a full odor obtained by n^- 
ing colors. 

[0114] bi addltioa ahhouc^. in the above embodi- 
ment, the ink has been descrflsed as a liquid. H may be 
solkHfied at the mom temperature or loiwer or may be 
softened or Squef led at the room tempeiature. Aitema- 
Svely, sinoe the ink jet me&iod generally adjusts and 
Qontrots the temperature of the Ink between Z&C and 
WC to tmlnts^ the viscoatty of the ink within a st^e 
ejection range, the Ink may become UqukI when a 
recording signal is apr^lied. 

[Oil B] bi addlton. to actively prevam themnal energy 
fiom Increasing the ten^^eiature or ewaporating the ink 
by using this Energy to imnsform the Ink from a solid 
state to a liquM state, the ink may t>e solidified when feU 
end maybe ik^led vvhen heated. Thus, this invention 
is eppttcable to ink that is not Hquefied unless it is sub- 
leoted to thermal energy, such as one that is tiqueiied 
and ejected as a ikiuefled Ir^ when ihenmal energy Is 
applied according to a reconding sf^al or tlua starts to 
be soHdff led as soon as it reachea the storage mecfium. 
Such Ink may be retained as a liquid or a soiM in 
recessed porlkNis or tftrough4)^s in a porous sheet in 
such a way as to lie opposed to 9ie electrothermal 
energy converter, as described in Japanese l^ent 
AppfiOktlon LaW-Open P<a 64-56847 or hto. 60-71260. 
According to this Invention, the film boaina method is 
most eflective on each ot the above inks. 
[011 6] Besides* the present fnk Jet recording appara- 
tus may be used as an Image ou^ut terminal for data 
processing equipment such as computers, or a copter 
combined with a reader, or facsimile tern^nal equ^Mnent 
havHig a tranemisston and reception function. 
101 1 7] In this respect the present invention rrm be 
appBcable to a system composed of a p^mltty of equip- 
ments or an appamtus oonposed <M a sln^^ equips 
ment. Atso^ it is of course possible to apply the pres^ 
Invention to a system or an apparatus which becomes 



operative by providing a pro^m ftier efor, 
[0118] As descrO:>ed above, in accordance with the 
pres^ 'wvention. Ihere is proved a method for cor- 
recting a recording head having plural recording ele- 

5 ments and memory means capable of staring data, 
comprises the steps of recording prellmHTarily recoitfing 
patterns on a fec<^din9 medium by use of the record»ng 
heed in accordance with plural kinds of sigr^als appSed 
thereto; of selecting one of ihe plural kinds of signals 

10 from the density cfistrtbutions of irmge patterns 
recoided on the recording medium so that the density of 
the recoitied image may be equal or substantially equal 
to the reference density for eac^ predetermined unit of 
the cecoidmg elem^its; of preparing data for selecting 

IS one of the plual l«nds of signais for each predet^mined 
urtit of the recording elementa as correction data; Of 
storing the correction data In the memory means of tie 
recording head as initial correction data; of selecting 
one of the initial correction data and the correction data 

£0 output from a conrection data controlling unit for gener- 
ating arbitrary correction data for each predetermined 
unit; and ot transmitling data based on tiie selected data 
to the recording head. With the adoption of this method. 
It Is not only posses to attain a high quality printing 

g9 without density unevenrusss, but alsor to make the IHe of 
the recorc£ng head tonger effectively. 
[01 le] Also, in accordance wlthth« present tnverrtion, 

it is possible to pr^)are In the recording head the cor* 
rectk)n cfeta congruous with the i^slributton status of the 

90 image.data with respect to the recording elemertts for a 
predeternuned unit by creating the conrection data for 
the recording foments for a predetermined unit with 
referertce to the image data cofres|X)nding to thd 
recording devices of the one &10, from the m 

35 (matoos n) lines t>eiore to the immediately before, 
and then, tsy appropriately selecting either one of the ini- 
f}a) correcttonc^ta and theoorrectkx^ data output t>y the 
correction data contiofling unit for generating art^itrary 
oorrection data. With the adoption of this method, it \s 

40 not only possitie to attain a high quality printing wiSxiut 
dertsHy unevenness, but aisa to niake the life of the 
recording head longer effectively. The provision of these 
effects can be attiiined without oompsicatino con&oi sig- 
nals of the recording apparatus. 

4S 

Claims 

1 . A m^hod for correcting a recorcfi ng head provided 
w»th a ^uralfty of recordnig elements and memory 
K> means capable of storing data, comprising the 
steps of: 

recording prermrnrmrily recording patterrrs on a 
recorc^ medium by use of said recording 
S9 head in eccc^dance with plural MrKts at 8l9^ 

applied thereto; 

selecting one of sM r^ural kinds cf signals for 
a predetern^ned unit ot said recording ele- 



13 



PAGE 19/74 ' RCVD AT 3/30/2006 9:03M2 PM [Eastern Standard Time] ' 8VR:USPT0'EF}(RF-2/U ' DNIS:2738300 ' CSID:17039974S17 ' DURATION (inin-$s):3M6 



To: USPTO Page 20 of 74 



2006-03-31 02:03:43 (GMT) 



17039974S17 From: BINCHI CHANG 



25 EP0 925d25ASt 26 

mentB from 1h« density dlslittxrtlons of ihe tera recorded on said recording mecium«o as 

Imaee patterrt recorded on saW reoordino to make the deneJty of tifie recorded imago 

medK«n so as to make the density ol the ec^ to ihe reference den^ or tho approad- 

reoofded tmago equ^ to the reference density mate value thereof; 

orihe approximate vatueth^eof; 5 prepadnQ as tfiecorrec^n data data for &^ect- 

preparing ae the correcMon data data for aelect- Infl one of said plur aJ kinds of slonate for a pre- 

ing one oi said pturat kinds of elgm^ for a pre- detennined iwtit of said recording elements; 

deterrr^ned unit of eaM recoiding efemente, and etcrtng saW ijoiroclion data on said mem^ 

and storing said corrw«ion data on sakf menv oiy means of eaid recording head as the initlaf 

ory means of aaUreconding head as the ihitfal io corredron data: and 

• coireciion data; and generating the conrecfion data for a predeier- 

eeteoting either one of said Initial correction mined unit of said recording elements with ref • 

and the con^ectkHi data output by the cot rectkin erence to tite image data con^espondlng to one 

data contrOrt'ng ui^ fbr generating arbitrary l&ie of the recording ©lemeniB from the m-th 

oorrectmn data for a predetermined unit of saki is line (m^logan) fo the Rna immediatety 

reooniing elements^ and transmitting data to k^efore; and 

recor<Sng head in accoidance wirim setecting appropriately either one of said initial 

e^jiQ^^tedd^, correctwn data and the correctkw data output 

lay a conrecfion data controlling unit for generat* 

2. A method for correcting a reooidtng head acoordng 20 ing art)itrary oorrection data, 
to aaim It fiirltier coit|>i^ng the step ol tranemfl- 

ting plur^Wnds of different woord signals fdr a pre- T. A method lic»r correcting a recon^ head according 

delemwied ur^ of said recording eiem^nts and to Ciabit 1 or Claim 6. wherein said predeterNned 

causing one of saUl plural l^nds of different reoM uilt corresponds to one recorvSng element, 

signals fbr each predetermined unit of saM record- ss 

big elements In unit of one line of printing by saki 8. A method tor conectlng a reoordino head according 

recording t^eadl lo correspond to aakJ seiecied to Claim 1 or Claim 6, wiwroin said predetemianed 

({^ta. tmK con-esponds to a pfura&y of recording ele- 
ments. 

3. A method fdrcorreolng a recording Head aooprding 

td Cidim i . v^erein eaid con-ection data conlroBing 9, A recording head being oonrected by a method for 

unit generates arbiimry correoton data with refer- correcting a reoowiBng head according to Claim 1 or 

enoe to the tendency of eak^Nti^oorrecfkm data. CiaimB. 



4. A method for correcting a recording head according 
to Ciabn 1 . wherein said correction data controning 
unit is provided with a pturaUty of oon'ectbn tables, 
arid generates arbitrBry data by the tendency Of 
sakt ihiUal oorrectton data and saUl plurality of cor- 
rectfcm ttdbles as devek>ped. 

5. A method for correcBng a recording head accorefing 
toQaim 1, wherein the correctk>n table of sakleof- 
rdtriton data ponb'dlirtg unit contains meane lor 
generating random numbers. 

6* A method ^ correcting a recording head provkled 
\N9h d plurality of recording elements and memory 
nieans capable of storj^ data, compridng the 
steps of: 

reoorcfifXI preroninarily recording patterrts on a 
recording medium by use of said recording 
head In accordance with n kinds of signals 
applied thereto; 

seiocting one of sakf n Mnds of signals for a 
predetsrmined unit of saki recording elements 
from the density (fistributtons of ttis image pat^ 



ia A r e cor di ng head correction apparatus adapted to 
execute a meUwd tor correcting a reootding head 
according to Ciaim 1 or Claim 6. 

11« A recoKing head according to Claim a comprising: 

ir^ means for inputting recording data from 
an external; arKi 

driving means tor driving said pturalhy of 
recording elements in accordance with the 
recording data k^Mdted by said input means. 

12. A recorcBng head according 10 Claim 9, wherein 
saU memory means iricludes an EEPfOM. 

13L A recording head according to Claim 9. wherein the 
number of sakl pk^aiity of recording el^nents is N. 
and said heed is configured arrangino HM cir» 
cuit substrates each haviog M recording dements. 

iA, A recording bead according to Claim 9. wherein the 
nunnber of sakj plurality of recording elements N. 
and sakt hoed is formed t)y mounting drlvlr^ 
kitegrated circuits each oorrespcndtng to M record^ 
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tns eiementB on the sub^trafd having thereon N 
rfloonf ng elements antmoed ni one line. <^ by con- 
nocilno the Gdbstrato havirtg hereon eaict c^h/viQ 
integrated dnouHe with the eutntrarte haMn^ th^'eon 
eaid N reoording elementB arranged m one tine. 

IS. A reconiing heed aecording to Claim 9« therein 
said meana tor generating correction data ie formed 
tsy the dfcuit substrate on the receding head or by 
a part ol the drMng bitegrated ctrcuHe. 

le, A reoording head aoooiding to Claim 9. wherein 
said means tor generating correction data is tormed 
eaid drojit eubstiiite of the recofding head or by 
a part of the diriving integrated circiite to make an 
eppropfiale correction method eefectabteu 

. • • • 

17. A recorc&ig head according to Claim 9, where^ 

said recording heed Is an tnk^ recorcfing head tor 

recording by dlediaiging Nc. 

18» A reoofding head according to C^m 9. lA^erein 
said recording head le ft recording head tor die^ 
cMrgIng -Irdc tjy the MtiKzatton of thermal energjf. 
end ecfti recording elements are pro/ided with ther- 
mel en«gy converting devloee tor generating ther- 
fnel enetgy applied to eaki recoidfng elemer^a, 
respectively. 

19. A reoor^g apparatus ustog a recording head 
acooftKng to Claim 9, oornpiiGing: 

recepticn meene for receiving said correction 

data from aald recording head; 

control meane tor generalSng control eignale tor 

oomrolling tte operation of said driving meene 
■ eo ee to enable ea^ of eafd pKvaE recording 

elements to form images ivtitormiy bi aeoord- 

ance ^th eaU correction dttta; and 
. e'ansmlsslon means tor transmitting said con« 

trol 8K;r«l» to $aid recording head. 
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optical density closest to a reference density and 
using the ^onais used to generate said selected 
test pattern as at least part of the basis tor correc- 
tion data for the reQor.ding head 



SOL A naoording apparaUfS using a recorcfing head 
' ecoording to Claim 9* comprising: 

cormol means tor receiv'mg the initial correction 
data from eeid recording heed to appropriately 
select said inHiai con'ecSon data and the &^ 
tmry correction data generated fay said conec- 
tion data generating means, and then, to bo 
generate the eontrd signals (or cgntroinng said 
driving means; and 

transmission means tor trensnnitting eaid oon** 
trol eignals to said reooming heed. 

SB 

21. A method Of oorreo^ a recording head which 
conprisee selecting the one of a plurality of test 
patterns recorded using the head which has an 
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